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ABSTRACT 

A l a b o r a t o r y  s i m u l a t i o n  experiment  w a s  performed t o  s tudy  
t h e  mechanism of t h e  d e t e c t i o n  of aud io  waves f r o m  nearby r a d i o  
b r o a d c a s t i n g  s t a t i o n s  by spacecraf t -borne  audio  d e t e c t o r s  i n  
t h e  ionosphere ,  where t h e  c a r r i e r  f r e q u e n c i e s  of t h e  d e t e c t e d  
r a d i o  s t a t i o n s  s e e m  t o  depend on t h e  a l t i t u d e  of space  probes 
w i t h i n  t h e  ionosphere.  Two e l e c t r o d e s  were immersed i n  a low 
d e n s i t y  plasma, and an RF wave amplitude-modulated by an audio  
wave w a s  f e d  t o  one of them, w h i l e  t h e  o t h e r  e l e c t r o d e  w a s  used 
t o  d e t e c t  t h e  audio  wave. The d e t e c t i o n  of t h e  aud io  wave is 
due t o  t h e  r e c t i f i c a t i o n  and i n t e g r a t i o n  by t h e  s h e a t h  around 
t h e  e l e c t r o d e  ( an tenna ) ,  which has  a non- l inear  vo l t age -cu r ren t  
characterist ic.  The dependence of t h e  carrier f requency  on t h e  
a l t i t u d e  is expla ined  as a r e s u l t  of series resonance  of an in- 
d u c t i v e  plasma wi th  t h e  s h e a t h  capac i t ance .  T h i s  is j u s t  t h e  
same a s  t h e  o rd ina ry  resonance  probe and t h e  resonance  f requency  
is s l i g h t l y  smaller than  t h e  plasma frequency.  For a h i g h e r  
modulat ion f requency ,  t h e  audio ou tpu t  h a s  a phase l a g  due t o  
t h e  i n t e g r a t i o n  by a h igh  plasma and s h e a t h  impedance. The audio  
o u t p u t  has a s t r o n g  dependence on t h e  p o t e n t i a l  of t h e  r e c e i v i n g  
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of t h e  r e c e i v i n g  e l e c t r o d e  i n  plasma is e q u a l  t o  z e r o .  
p o t e n t i a l s ,  t h e  ampli tude of t h e  audio  o u t p u t  shows a l a r g e  broad 
maximum, and more than  an o r d e r  of magnitude l a r g e r  ou tpu t  can 
be ob ta ined  than  t h a t  w i th  t h e  o r d i n a r y  resonance probe. 

For h i g h e r  

L 



INTRODUCTION 
Some r e c e n t  rocket and sa te l l i t e  exper iments  show t h e  

d e t e c t i o n  of aud io  waves f r o m  nearby b r o a d c a s t i n g  s t a t i o n s  
by space-borne aud io  d e t e c t o r s  i n  t h e  ionosphere ,  and i n d i -  
cate t h a t  t he  carrier f r e q u e n c i e s  of t h e  detected aud io  waves 
s e e m  t o  have a dependence on the  a l t i t u d e  (Ungstrup, 1967; 
Maynard, 1967) .  RF waves from r a d i o  b r o a d c a s t i n g  s t a t i o n s  have 
a carrier f requency  (wl) amplitude-modulated by aud io  waves (~2). 
I n  free s p a c e s  it is composed of waves of f r e q u e n c i e s  w l ,  w1 + w2 

and w l  - w2, b u t  no wave of audio f requency  w2 is p r e s e n t .  
a plasma,  however ,non-l inear  e f f e c t s  can be expec ted ,  e s p e c i a l l y  
a t  r e sonances ,  so t h a t  t h e r e  is a p o s s i b i l i t y  of t h e  appearance 
of t h e  wave of frequency w 2 ,  as a r e s u l t  of non- l inea r  coup l ing  
of these three waves. T h i s  experiment w a s  performed t o  s i m u l a t e  
these phenomena and c l a r i f y  t h e i r  p h y s i c a l  mechanism. 

I n  

The i n t e r a c t i o n  of RF waves w i t h  plasma has  been e x t e n s i v e l y  
s t u d i e d  by many workers ,  and some are u t i l i z e d  f o r  t h e  measurement 
of v a r i o u s  parameters of ei ther  l a b o r a t o r y  or i o n o s p h e r i c  plasma. 
Among them,  t h e  resonance probe method, developed by Takayama 
e t  a1  (1960) ,  is a u s e f u l  technique  f o r  t h e  measurement of t h e  

d e n s i t y  of l o w  d e n s i t y  plasmas. The mechanism of t h e  resonance 
probe is exp la ined  by t h e  s e r i e s  resonance  of the plasma s h e a t h  
c a p a c i t a n c e  and t h e  induc tance  of plasma i t s e l f  n e a r  t h e  plasma 
f r equency ,  and t h e  RF wave is r e c t i f i e d  by t h e  n o n - l i n e a r i t y  of 
t h e  s h e a t h  ( B u t l e r  e t  a l ,  1963; D o t e  e t  a l ,  1965) .  Though t h e  

resonance  does  no t  take p l a c e  e x a c t l y  a t  t h e  plasma f r equency ,  
i t  is  a u s e f u l  t o o l  for t h e  measurement of plasma d e n s i t y .  I n  
t h i s  paper  it w i l l  be shown t h a t  t h e  mechanism of a u d i o  wave de- 

t e c t i o n  f r o m  r a d i o  b roadcas t ing  s t a t i o n s  i n  t h e  ionosphe re  is 
t h e  same a s  t h e  resonance probe, and moreover,  t h i s  experiment  
o f fe rs  a u s e f u l  t echn ique  fo r  p lasma d i a g n o s t i c s  which has s e v e r a l  
advantages  o v e r  t h e  o r d i n a r y  resonance probe f r o m  a p r a c t i c a l  
p o i n t  of view. 
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RESULTS OF EXPERIMENT 
The exper imenta l  arrangement is shown s c h e m a t i c a l l y  i n  

F i g u r e  1. A plasma is produced by an  RF d i s c h a r g e  (f N 20 Mc/s) 
i n  t h e  upper p a r t  of t h e  vacuum chamber, and a q u i e t  plasma 
d i f f u s e s  down t o  t h e  exper imenta l  r e g i o n  through an  RF s h i e l d i n g  
s c r e e n .  A uniform plasma of t h e  d e n s i t y  of t h e  o r d e r  of 1 0 6 / c m 3  

is formed i n  t h e  chamber of 50 c m  i n  d i ame te rand  30 c m  i n  h e i g h t .  
The RF s h i e l d  is q u i t e  e f f e c t i v e  so t h a t  t h e  RF wave f o r  t h e  
plasma product ion  does  n o t  i n t e r f e r e  w i t h  t h e  exper iment .  The 
chamber is  evacuated down t o  10-7 mmHg and a g a s  of e i t h e r  Helium,, 
Argon o r  a i r  i s  f i l l e d  t h e r e  i n  t h e  range  of mmHg. An a m -  
p l i tude-modulated RF wave is  f e d  i n t o  t h e  plasma through an  elec- 
t r o d e  P1 (25 mm i n  d i a m e t e r ) ,  which co r re sponds  t o  t h e  an tenna  
of t h e  r a d i o  b roadcas t ing  s t a t i o n  on t h e  ground,  and t h e  a u d i o  
wave is d e t e c t e d  by a second e l e c t r o d e  P2 of t h e  same s i ze .  
o u t p u t  from t h e  second e l e c t r o d e  is f e d  e i t h e r  t o  an  o s c i l l o s c o p e  
o r  t o  a l o c k - i n  a m p l i f i e r .  F i g u r e  2 shows t h e  o s c i l l o s c o p e  t r a c e  
of t h e  ou tpu t  from t h e  r e c e i v i n g  e l e c t r o d e  Pa ,  and a l s o  shown is 
t h e  i n p u t  wave form of t h e  ampl i tude  modulated RF wave. The am- 
p l i t u d e  o f  t h e  o u t p u t  s i g n a l  is s t r o n g l y  dependent on t h e  car r ie r  
f r equency ,  and it h a s  a l a r g e  peak v a l u e  f o r  t h e  c a r r i e r  f requency  
nea r  t h e  plasma frequency (F igu re  3 ) .  

The 

I n  g e n e r a l ,  t h e  a u d i o  o u t p u t  from t h e  r e c e i v i n g  e l e c t r o d e  
is n o t  s t r i c t l y  i n  phase wi th  t h e  modulat ion of RF wave, and 
there  is a c e r t a i n  phase d i f f e r e n c e  between them. (F igu re  2 ) .  

I 

When t h e  p o t e n t i a l  of t h e  e l e c t r o d e  is n e a r l y  a t  t h e  plasma 
p o t e n t i a l ,  t h e  a u d i o  ou tpu t  from t h e  e l e c t r o d e  P2 is  lSOo o u t  
of phase t o  t h e  modulat ion f o r  a lower f requency of modula t ion ,  
and a re la t ive  phase d e p a r t u r e  from 180° appea r s  when t h e  mod- 
u l a t i o n  frequency is i n c r e a s e d .  The ampl i tude  and t h e  r e l a t i v e  
phase l ag  from 180° a s  a f u n c t i o n  of modulat ion f requency  a re  

I 
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d e c r e a s e s  a s  t h e  modulat ion frequency is inc reased .  Th i s  phe- 
nomenon is s t r o n g l y  dependent on t h e  e x t e r n a l  c i r c u i t  e l e m e n t s .  
When the  ou tpu t  is te rmina ted  by an a d d i t i o n a l  res is tor ,  both  
t h e  phase l a g  and t h e  ampli tude decrease  a s  t h e  resistor is 
dec reased  (F igure  5). If it is te rmina ted  by a c a p a c i t o r ,  t h e  
phase l a g  i n c r e a s e s  and t h e  ampli tude dec reases .  The f requency  
f o r  t h e  peak audio  ou tpu t  is compared w i t h  t h e  resonance  f requency  
of t h e  o r d i n a r y  resonance  probe,  where t h e  r e c e i v i n g  e l e c t r o d e  P 
is  used  a s  a resonance  probe,  and i t  is found t h a t  t he  former is 
a l i t t l e  h igher  t h a n  t h e  l a t t e r  a s  shown i n  F igure  6 .  

i n  g e n e r a l  no F o u r i e r  ana lysed  audio component i n  f ree  space ,  
an aud io  component appears  i f  t h e r e  is a non-l inear  c i r c u i t  
e lement  i n  t h e  system considered.  When w e  look a t  t h e  c i r c u i t  
shown i n  F igu re  1 more c a r e f u l l y ,  t h e  e l e c t r o d e s  P1’ P2 and 
ground form a c l o s e d  c i r c u i t  through t h e  plasma and t h e  e x t e r n a l  
c i r c u i t .  When t h e  r e c e i v i n g  e l e c t r o d e  P2 is used an an o r d i n a r y  
resonance  probe,  t h e  probe P2 and t h e  ground form a c l o s e d  
c i r c u i t  th rough t h e  plasma and the  e x t e r n a l  c i r c u i t .  These 
two c i r c u i t s  resemble each o ther  q u i t e  w e l l .  I n  t h e  o r d i n a r y  
resonance  probe t h e  probe i s  set n e a r l y  a t  space  p o t e n t i a l ,  
and a l a r g e  DC c u r r e n t  flows i n  t h e  c i r c u i t  when t h e  i n d u c t i v e  
plasma ( i . e .  t h e  d i e l e c t r i c  cons t an t  c = 1 - ( T )  wp 
t h e  c a p a c i t i v e  s h e a t h  sur rounding  t h e  probe form a ser ies  
resonance  c i r c u i t .  T h i s  is unders tood  t h a t  t h e  RF wave i n  t h e  
plasma is very l a r g e  a t  t h i s  s e r i e s  resonance ,  and t h i s  RF wave 
is r e c t i f i e d  by t h e  non- l inear  vo l t age -cu r ren t  c h a r a c t e r i s t i c  of 
t h e  s h e a t h .  The ou tpu t  is  f u r t h e r  i n t e g r a t e d ,  s i n c e  t h e  t ime 
c o n s t a n t  of t h e  c i r c u i t  is much g r e a t e r  t h a n  t h e  p e r i o d  of t h e  
RF wave. The same phenomenon can be expec ted  t o  happen i n  t h e  
c o n f i g u r a t i o n  shown i n  F igu re  1. The RF wave ampl i tude  i n  t h e  
plasma is l a r g e s t  a t  t h e  f requency  which cor responds  t o  a 
series resonance  of i n d u c t i v e  plasma w i t h  t w o  

2 

Though an RF wave amplitude-modulated by an audio  wave has  

< 0) and 
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s h e a t h s  sur rounding  t h e  p robes .  I n  t h i s  case, t h e  rectified 

and i n t e g r a t e d  ou tpu t  has t w o  components; one is a DC compon- 
e n t  and t h e  o ther  is t h e  aud io  component of modula t ion .  S ince  
w e  are looking f o r  on ly  t h e  aud io  component, it d i s p l a y s  a 

peak n e a r  a t  the plasma f r equency .  The reason  why t h e  fre- 
quency f o r  the maximum aud io  o u t p u t  i n  t h e  c i r c u i t  shown i n  
F igu re  1 appears  a t  a f requency  h i g h e r  t h a n  t h e  resonance  fre- 
quency of t h e  o r d i n a r y  resonance  probe (when t h e  probe P2 1s 
used  as a resonance probe)  is t h a t  there is an  a d d i t i o n a l  
ser ies  s h e a t h  c a p a c i t a n c e  i n  t h e  former c i r c u i t .  However, t h e  
f requency  f o r  t h e  maximum aud io  o u t p u t  is s t i l l  l o w e r  t han  t h e  
plasma f requency  of t h e  plasma, which is  determined from a 

minumum i n  t h e  resonance  probe c h a r a c t e r i s t i c  (Dote e t  a l ,  1965) .  
The phase d i f f e r e n c e  between t h e  aud io  o u t p u t  and t h e  modula- 
t i o n  and a l so  i t s  dependence on e x t e r n a l  c i r c u i t  e lements  can 
s imply be expla ined  by t h e  i n t e g r a t i o n  of t h e  o u t p u t  i n  t h e  in -  
t e g r a t i o n  c i r c u i t  c o n s i s t i n g  of t h e  e f f e c t i v e  r e s i s t a n c e  through 
t h e  plasma and s h e a t h  and t h e  s t r a y  c a p a c i t a n c e  of t h e  e x t e r n a l  
c i r c u i t .  Usua l ly ,  t h e  o u t p u t  f r o m  t h e  r e c e i v i n g  electrode is  
fed  i n t o  t h e  i npu t  t e r m i n a l  of an  o s c i l l o s c o p e  p r e a m p l i f i e r ,  
which is equ iva len t  t o  t e r m i n a t i n g  t h e  o u t p u t  w i t h  a 1 MCI re- 
sistor and a 47 pF c a p a c i t o r .  The o u t p u t  c o a x i a l  cable has a 
much h ighe r  c a p a c i t a n c e  and t h e  t o t a l  s t r a y  c a p a c i t a n c e  C is 
about  150 PF. The e f f e c t i v e  r e s i s t a n c e  R th rough t h e  plasma 
and t h e  shea th  i s  about  500 kn, which means t h a t  t h e  i n t e g r a -  
t i o n  c o n d i t i o n  of wCR = l is s a t i s f i e d  f o r  t h e  f requency  of 
modulat ion f = T- &I of 2.1 kc/s.  

imen ta l  r e s u l t  shown i n  F igu re  4 ,  where t h e  phase s h i f t  of 45O 

(which means wCR = 1) corresponds  t o  t h e  f requency  of 2 kc/s. 

Both t h e  decrease of t h e  phase s h i f t  and the  ampl i tude  by t h e  

t e r m i n a t i o n  w i t h  an  a d d i t i o n a l  resistor and t h e  i n c r e a s e  of t h e  

phase s h i f t  w i t h  an  a d d i t i o n a l  c a p a c i t o r  a l s o  conf i rm t h e  i n t e r -  
p r e t a t i o n  descr ibed  above. 

T h i s  w e l l  a g r e e s  w i t h  t h e  exper-  
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The a u d i o  ou tpu t  f r o m  t h e  probe P2 is s t r o n g l y  dependent 
on t h e  probe p o t e n t i a l .  When t h e  probe-to-ground p o t e n t i a l  is 
below l O V ,  t h e  aud io  ou tpu t  is out  of phase t o  t h e  modula t ion ,  
(F igu re  7 a ) ,  and t h e  o u t p u t  is s m a l l .  I t  goes t o  zero and re- 
v e r s e s  i ts  phase a t  t h i s  p o t e n t i a l  (F igu re  7b) and becomes i n  
phase w i t h  t h e  modulat ion beyond it (F igure  7 c ) .  The ampl i tude  
i tself  s h a r p l y  i n c r e a s e s  wi th  t h e  probe p o t e n t i a l ,  and has  a 
broad maximum a s  shown i n  F igure  8 .  T h i s  is expla ined  q u a l i -  
t a t i v e l y  i n  t h e  fo l lowing  way;  l e t  t h e  c u r r e n t  v o l t a g e  char -  
acter is t ic  of t h e  probe be of t h e  f o r m  

I = f ( V ) ,  and t h e  a p p l i e d  v o l t a g e  t o  t h e  probe 

V = Vo + V1 ( 1  + 
where Vo: DC vo l t age  

V1: RF vo l t age  
CY : r a t io  of modulat ion 

s i n  w2t) s i n  w l t ,  

: carrier R F  f requency  
: aud io  frequency of modulat ion 

wl  

w2 1 Then t h e  ob ta ined  aud io  ou tpu t  is g iven  by A = ,s i+T f (V)  d T  

= f (V0)  + 2 ifvv (vo)vl s i n  w t + . . . 2 

where  7 is chosen much l a r g e r  t han  t h e  p e r i o d  of t h e  RF wave .  
As can  be seen  from t h i s  equa t ion ,  t h e  aud io  o u t p u t  reverses 
i ts  phase a t  f"(V,)=O. 
t h e  R F  v o l t a g e  and t h e  r a t i o  of modulat ion is shown i n  F i g u r e s  9 

and 10. The aud io  o u t p u t  i n c r e a s e s  s h a r p l y  w i t h  t h e  R F  v o l t a g e ,  
w h i l e  it i n c r e a s e s  l i n e a r l y  w i t h  t h e  r a t i o  of modula t ion ,  j u s t  
a s  t h e  e q u a t i o n  (1) p r e d i c t s .  

The dependence of t h e  aud io  o u t p u t  on 

DISCUSSION 
The d e t e c t i o n  of aud io  waves from radio s t a t i o n s  by 

r o c k e t s  is exp la ined  i n  a manner similar t o  t h e  behav io r  of 
t h e  o r d i n a r y  resonance  probe.  Futhermore,  t h i s  t echn ique  offers  
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a h i g h e r  d e n s i t y  plasma. For such  l o w  d e n s i t y  plasmas a s  used 
i n  t h i s  exper iment ,  t h e  n o n - l i n e a r i t y  of t h e  shea th  around t h e  

electrodes is s o  l a r g e  t h a t  it masks t h e  n o n - l i n e a r i t y  of t h e  

plasma i t s e l f .  The effect of t h e  s h e a t h  is i n e v i t a b l e  i n  t h i s  

t y p e  of l o w  d e n s i t y  plasmas.  When w e  i n c r e a s e  t h e  RF v o l t a g e ,  
i n  order t o  enhance t h e  non- l inear  e f f ec t ,  t h e  problem of i o n i -  
z a t i o n  of res idua l  g a s e s  a lso a r i s e s .  T h e r e f o r e ,  it is q u i t e  
d i f f i c u l t  t o  see non- l inear  phenomena of plasma i tself  such  a s  
t h e  coup l ing  between e l e c t r o n  plasma waves and i o n  waves, and 
there  have been no exper iments  fo r  l o w  d e n s i t y  plasmas which 

show t h e  non- l inear  phenomena of a plasma. S ince  t h e  plasma 

~ _ _  

l a u s e f u l  method f o r  plasma d i a g n o s t i c s  which has  s e v e r a l  advan- 
t a g e s  ove r  t h e  o r d i n a r y  resonance  probe  from p r a c t i c a l  p o i n t s  
of view. F i r s t ,  t h e  S/N r a t i o  is improved owing t o  t h e  AC 

measurement, i n  g e n e r a l .  Second, i n  t h e  o r d i n a r y  resonance  
probe t h e  probe p o t e n t i a l  is set below t h e  p o t e n t i a l  a t  which 

t h e  aud io  ou tpu t  shows t h e  phase r e v e r s a l  w i t h  r e s p e c t  t o  t h e  

modula t ion .  However a s  can be seen  from F igure  8 ,  a much l a r g e r  
o u t p u t  can  be  ob ta ined  a t  h i g h e r  probe p o t e n t i a l .  The o r d i n a r y  
resonance  probe is very  s e n s i t i v e  t o  t h e  probe-to-plasma poten- 
t i a l  and t h e  resonance s i g n a l  is soon masked by a l a r g e  DC cur -  
r e n t  when t h e  probe p o t e n t i a l  is  raised above t h e  space  p o t e n t i a l .  
When t h e  modulation method described above is employed, t h e  l a r g e  
DC c u r r e n t  does no t  c o n t r i b u t e  t o  t h e  measurement, and a much 
l a r g e r  ou tpu t  can be  ob ta ined  f o r  a larger plasma-to-probe poten-  
t i a l .  I n  rocke t  and s a t e l l i t e  measurements i n  t h e  ionosphere  
and o u t e r  space,  w e  cannot  c o n t r o l  t h e  rocket- to-plasma poten-  
t i a l ,  and t h i s  method might be q u i t e  u s e f u l .  

l 
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which is  used i n  t h i s  experiment  is very  q u i e t ,  and it repre-  
s e n t s  a good medium f o r  t h e  s t u d y  of l i n e a r  phenomena i n  plasma 
phys ic s ,  our f u t u r e  exper iments  w i l l  be concerned w i t h  t h e  de- 

t e c t i o n  of  t h e  n o n - l i n e a r i t y  of t h e  plasma i t s e l f .  

The a u t h o r  wishes  t o  expres s  h i s  s i n c e r e  thanks  t o  Dr. 
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d u r i n g  t h e  course  of t h e  s t u d y .  
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FIGURE CAFCIONS 

F i g u r e  1. Schematic l ayou t  of experiment .  

F i g u r e  2. Upper: audio  ou tpu t  from t h e  r e c e i v i n g  
e l e c t r o d e  P2 a t  resonance  (0.005 V/div) 

Lower: amplitude-modulated i n p u t  RF (5V/div) 
Resonance frequency = 13.8 Mc/s 
Modulation frequency = 5 kc/s  (50p sec /d iv )  

F i g u r e  3. Dependence of audio o u t p u t  on t h e  carr ier  f requency .  
Modulation frequency = 5 kc/s,  and 20 p e r c e n t  

Dependence of t h e  phase l a g  from 180° w i t h  respect 
t o  t h e  modulation and t h e  ampli tude of the  audio  
o u t p u t  on t h e  modulat ion f requency .  

modu 1 a t  i on .  

modulation. 

F i g u r e  4. 

Resonance Frequency = 15 Mc/s, 40 p e r c e n t  

F i g u r e  5. Dependence of the phase l a g  of t h e  audio  o u t p u t  
from 180° w i t h  r e s p e c t  t o  t h e  modulat ion and 
t h e  ampli tude of t h e  aud io  o u t p u t  on t h e  e x t e r n a l  
r e s i s t o r  . 

Resonance frequency = 10.7 Mc/s 
Modulation frequency = 5 kc/s. 

F i g u r e  6 .  Comparison of t h e  f requency  f o r  t h e  maximum 
aud io  o u t p u t  w i t h  t h e  resonance  f r equency  of 
t h e  o r d i n a r y  resonance probe ,  when t h e  probe 
P2 is used  a s  a resonance  probe. 

fgF: 

fres. 

frequency f o r  t h e  maximum audio  o u t p u t  

* resonance frequency of t h e  o r d i n a r y  resonance  
probe . 



F i g u r e  7 .  

I Figure  8. 

Osc i l l o scope  traces showing t h e  r e v e r s a l  of 
t h e  r e l a t i v e  phase of t h e  a u d i o  o u t p u t  to t h e  
i n p u t  modulat ion depending on t h e  probe p o t e n t i a l  
t o  t h e  ground,  

(a) 
(b) 10 (0.01 V/div) 
( c )  30 (0.2 V/div) 
(d) Inpu t  RF (5V/div) 

Resonance frequency = 10.7  Mc/s and modulat ion 
f requency  = 200 c/s (2 msec/div) 
Dependence of t h e  ampl i tude  of t h e  a u d i o  
o u t p u t  on t h e  probe p o t e n t i a l  t o  t h e  ground,  
V,. Resonance f requency  = 10 Mc/s and modulat ion 
frequency = 200 c/s. 

v o l t a g e  f o r  v a r i o u s  modulat ion f r e q u e n c i e s .  
Resonance frequency = 10 Mc/s, and 10 p e r c e n t  
modulat ion.  

vO - 
vo = 5V (0.02 V/div) 

F igu re  9 .  Dependence of t h e  aud io  o u t p u t  on t h e  RF 

F igure  10 .  Dependence of t h e  a u d i o  o u t p u t  on t h e  r a t i o  
of modulat ion.  Resonance frequency = 10 Mc/s 
and modulat ion f requency  = 500 c/s. 
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